Background {#Sec1}
==========

Human norovirus (HuNoV) belongs to the family Caliciviridae, genus *Norovirus*. It is a leading causative agent of acute gastroenteritis in people of all ages \[[@CR1]\]. Many reports have suggested that the HuNoV genome can evolve rapidly, resulting in many different genotypes \[[@CR2], [@CR3]\]. At present, HuNoV is further classified into two genogroups (genogroups I and II) and over 30 genotypes (GI.1--GI.9 and GII.1--GII.22), as revealed by detailed genetic analyses of the capsid gene \[[@CR4]\].

Previous molecular epidemiological studies showed that some genotypes of HuNoV, including GII.2, GII.4, GII.6, and GII.17, were particularly prevalent in gastroenteritis cases worldwide during the last 10 years \[[@CR5]--[@CR7]\]. Among these, GII.4 variant strains suddenly emerged and caused pandemics of gastroenteritis in many regions including Japan during 2006--2014 \[[@CR4], [@CR8]\]. This genotype has been associated with not only gastroenteritis in infants but also food poisoning in adults in various countries \[[@CR9]\], while the prevalence of the virus may have declined during the last three seasons \[[@CR10]--[@CR12]\]. Another new genotype, GII.P17--GII.17, also suddenly emerged and caused large outbreaks in some countries \[[@CR13]\], including large food poisoning-related outbreaks in Japan \[[@CR14]\]. Furthermore, GII.2 variant strains reemerged in the 2016/2017 season and caused pandemics in various countries including Germany, China, and Japan \[[@CR15]--[@CR17]\]. However, there is still no comprehensive understanding of the local molecular epidemiology of HuNoV in Japan.

Therefore, we studied the relationships between the prevalent NoV genotypes associated with gastroenteritis outbreaks and epidemiologic data in Ibaraki Prefecture, Japan, during the 2012--2018 seasons to better understanding the molecular epidemiology in a domestic area.

Results {#Sec2}
=======

Relationships among HuNoV genotype, season, patient age, and outbreak site of infection {#Sec3}
---------------------------------------------------------------------------------------

A total of 4588 clinical fecal specimens collected from September 2012 to August 2018 were examined to detect HuNoV (Table [1](#Tab1){ref-type="table"}). Among these, HuNoV GI was detected in 244 specimens (around 5% of all specimens) and HuNoV GII in 2437 (around 53%). Detailed data on the seasonal variations, detected genotypes, and the outbreak site are shown in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"} and Fig. [1](#Fig1){ref-type="fig"}. First, during the 2012--2015 seasons, GII.4 was detected in many cases in all patient sites, including outbreaks at childcare (0--6 years old), educational facilities (6--15 years old), and elderly nursing homes, and cases involving food poisoning. The GII.2 was the main genotype detected in outbreaks at childcare and educational facilities in the 2016/2017 season. GII.6 was mainly detected in the 2013/2014 season in outbreaks at childcare and educational facilities. GII.17 was suddenly detected in outbreaks involving food poisoning from the 2014/2015 season. GII.4 reemerged and caused outbreaks at childcare and educational facilities during the 2017/2018 season. In addition, GII.2, GII.4, and GII.6 were detected during September--March, whereas GII.17 was detected during January--April (Fig. [1](#Fig1){ref-type="fig"}). Finally, the GI virus was mainly detected in the 2014/2015 season from outbreaks at childcare and educational facilities and from cases involving food poisoning (Table [2](#Tab2){ref-type="table"}). Moreover, unlike GII virus, GI virus was sporadically detected throughout the seasons (Fig. [1](#Fig1){ref-type="fig"}). These results suggest that various types of HuNoV were associated with the outbreaks of gastroenteritis in Ibaraki Prefecture.Table 1Detected viruses in this studySeason2012/20132013/20142014/20152015/20162016/20172017/2018TotalRate (%)Samples5608768426949087084,588NoV GI3640129183182445.3NoV GII2684713473326313882,43753.1 GII.235713549311268314.9 GII.4186262187108532341,03022.4 GII.61516147132004.4 GII.171199610834212796.1 Other GII3122597438212425.3RVA2836550771332.9SaV2013375116621994.3AdV11278916531.2AstV51390.2*RVA* rotavirus group A, *SaV* sapovirus, *AdV* adenovirus, *AstV* astrovirus Table 2Detected genotypes of GI in each situationSeason2012/20132013/20142014/20152015/20162016/20172017/2018TotalGI13112973467 C64134229 F771333235 E11 O22GI.2131040018 C12429 F1528 E O11GI.3421720227 C82111 F427114 E11 O11GI.40310015 C11 F314 E OGI.672010010 C516 F2114 E OOther GI1110317 C112 F1315 E O*C* childcare and educational facility, *F* food poisoning, *E* elderly nursing home, *O* others Table 3Detected genotypes of GII in each situationSeason2012/20132013/20142014/20152015/20162016/20172017/2018TotalGII85122928318989660 C4667253613552361 F92548314022175 E202011124875 O10108410749GII.2911715227197 C81711715148 F11281040 E11 O718GII.4676643311552274 C3121109733111 F71718124866 E2020983767 O98621430GII.6449324062 C34112451 F628 E O123GII.1711293311782 C981220 F1117197348 E2417 O12227Other GII4516107345 C445106231 F1101113 E O11*C* childcare and educational facility, *F* food poisoning, *E* elderly nursing home, *O* others Fig. 1Relationship between the occurrence of outbreaks for each genotype of NoV and the site of infection. The number of outbreaks of **a** GI, **b** GII.2, **c** GII.4, **d** GII.6, and **e** GII.17 is shown as a line graph. Blue indicates cases at childcare and educational facilities, red indicates cases involving food poisoning, orange indicates cases at elderly nursing homes, and green indicates others. The vertical axis shows the number of outbreaks, and the horizontal axis shows the season and month of appearance

Relationships among age, viral load, and HuNoV genotype in the fecal specimens {#Sec4}
------------------------------------------------------------------------------

In the present study, we analyzed the relationships among age, viral load, and HuNoV genotype in the fecal specimens. The ages of the patients were significantly lower in whom GII.2 and GII.6 were detected than in whom GI, GII.4, and GII.17 were detected. Moreover, the age of patients in whom GII.6 was detected was significantly lower than for GII.2 (Table [4](#Tab4){ref-type="table"}). We also analyzed the viral loads for some genotypes, including GI, GII.2, GII.4, GII.6, and GII.17, using real-time (RT)-PCR in the fecal specimens (Table [5](#Tab5){ref-type="table"}). The HuNoV genome copy numbers of GII.2 were significantly higher than that of GI, GII.4, GII.6, and GII.17. These results suggested that the patients with GII.2 excreted more viruses than those infected with viruses of other genotypes.Table 4The patient age of each norovirus genotypeThe asterisks represent *p*-values as follows: \* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001Table 5Viral load (log~10~) in the patient of each norovirus genotypeThe asterisks represent *p*-values as follows: \* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001

Phylogeny of the detected HuNoV viruses {#Sec5}
---------------------------------------

We performed a phylogenetic analysis based on the *VP1* gene sequences of GI and genotypes of GII; GII.2, GII.4, GII.6, and GII.17 using the maximum likelihood (ML) method (Fig. [2](#Fig2){ref-type="fig"}a--e). First, 7 genotypes of GI virus such as GI.2, 3, 4, 5, 6, 7, and 9 were detected in this study (Fig. [2](#Fig2){ref-type="fig"}a). The tree of the genotype GII.2 formed three major clusters (Fig. [2](#Fig2){ref-type="fig"}b). GII.2 strains belonging to Clusters 1 and 2 were the main ones detected during the last two seasons. In the present tree, GII.2 virus detected in the 2016/17 season were classified into the Clusters 1 and 2, whereas the GII.2 virus mainly detected in the 2017/18 season were classified into Cluster 2. The GII.4 strains formed many clusters, although almost all of them were classified into the Sydney 2012 type (Fig. [2](#Fig2){ref-type="fig"}c). Among them, the GII.4 virus detected during the 2012--2015 seasons were genetically identical with a GII.4 prototype strain (accession no. JX459908), whereas the virus detected in some cases during 2015--2018 seasons were genetically identical with another prototype GII.4 (accession no. LC160215). GII.6 strains formed three clear clusters. Among these, the strains detected in the 2013/2014 season belonged to Cluster 1, whereas the strains detected in the 2012/2013 season mainly belonged to Cluster 2 (Fig. [2](#Fig2){ref-type="fig"}d). Most GII.17 strains belonged to Cluster 1 (Kawasaki308 type), whereas some strains belonged to Cluster 2 (Kawasaki323 type) (Fig. [2](#Fig2){ref-type="fig"}e). In the present cases, we detected genotype GII.17 in some cases during the 2014--2018 seasons, and these strains were genetically identical with a prototype of GII.17 virus (Kawasaki 308 strain). These results suggest that various genotypes of GII viruses have been associated with a range of outbreaks in Ibaraki Prefecture.Fig. 2Gene phylogenetic tree was created by the ML method using 295 or 298 nt (GI) and 282 nt (GII) from the 5′-end of *VP1*. **a** Gene phylogenetic tree of GI. Nucleotide substitution model was GTR + Gamma. **b** Gene phylogenetic tree of GII.2. Nucleotide substitution model was K80 + Gamma. **c** Gene phylogenetic tree of GII.4. Nucleotide substitution model was K80 + Gamma. **d** Gene phylogenetic tree of GII.6. Nucleotide substitution model was K80 + Gamma. **e** Gene phylogenetic tree of GII.17. Nucleotide substitution model was GTR + Invariant. The strains detected in this study were shown as a black circle. Strains detected in multiple cases are shown in bold. The site of the outbreaks and their number are described at the end of the strain name. Cases at childcare and educational facilities (C) are colored blue, cases involving food poisoning (F) are colored red, those at elderly nursing homes (E) are colored orange, and others (O) are colored green

Pairwise distance of the strains {#Sec6}
--------------------------------

To analyze the genetic divergence of the present strains, we calculated the pairwise distances of the GI, GII.2, GII.4, GII.6, and GII.17 strains (Fig. [3](#Fig3){ref-type="fig"}a--e). First, the pairwise distance value among the GI strains was 0.18 ± 0.07 (mean ± standard deviation \[SD\]), and the intra-genotypic pairwise distance value was 0.067 ± 0.061 (mean ± SD). The intra-genotypic pairwise distance value of the present GII.2 was 0.020 ± 0.012 (mean ± SD), whereas that of the GII.4, GII6, and GII.17 values were 0.021 ± 0.010 (mean ± SD), 0.046 ± 0.036 (mean ± SD), and 0.017 ± 0.015 (mean ± SD), respectively. Overall, these genetic distances were relatively short within the same cluster. Thus, the results suggest that the strains analyzed here had not undergone wide genetic divergence.Fig. 3Distributions of the pairwise distance values of partial *VP1* gene of NoV detected in Ibaraki Prefecture. **a** GI was analyzed for a total of 42 strains. **b** GII.2 was analyzed for a total of 48 strains. **c** GII.4 was analyzed for a total of 92 strains. **d** GII.6 was analyzed for a total of 22 strains. **e** GII.17 was analyzed for a total of 23 strains. The vertical axis shows the number of sequence pairs, and the horizontal axis shows the pairwise distance. Blue indicates different clusters, and gray indicates the same cluster

Discussion {#Sec7}
==========

In this study, we performed a molecular epidemiological study of HuNoV infection in Ibaraki Prefecture, Japan, during the 2012--2018 seasons. The main findings were as follows: (i) various HuNoV genotypes including GII.2, GII.4, GII.6, and GII.17 were associated with the outbreaks of gastroenteritis in Ibaraki Prefecture; (ii) the GII.2-infected subjects showed a higher viral load in fecal specimens than those infected with viruses of other genotypes; and (iii) the detected strains had relatively low genetic divergence.

It has been reported that, although other GII genotypes were previously prevalent, GII.4 Den Haag 2006b suddenly emerged and caused pandemics in the 2006/2007 season \[[@CR18], [@CR19]\]. Moreover, variants (Den Haag 2006b type, New Orleans 2009 type, and Sydney 2012 type) of the GII.4 caused many outbreaks up to the 2013/2014 season \[[@CR8]\]. However, after the 2014/2015 season, not only was GII.4 prevalent but also other genotypes, such as GII.2 and GII.17, were associated with outbreaks \[[@CR13], [@CR20]\]. A possible reason for the alterations of the prevalent GII genotypes; is that acquired herd immunities due to large outbreaks may affect human population \[[@CR6], [@CR21], [@CR22]\]. Overall, the identified trends regarding the prevalent genotypes in Ibaraki Prefecture are compatible with those in other reports \[[@CR13], [@CR17], [@CR23]--[@CR27]\].

Previous studies have demonstrated that the GII virus was frequently detected compared with the GI virus from the NoV infection \[[@CR28]--[@CR31]\], which was consistent with our results. In contrast, both the GI and GII virus genomes were detected in environmental water at equivalent frequencies using real-time RT-PCR \[[@CR32], [@CR33]\] possibly due to the difference in stability between the GI and GII capsid proteins \[[@CR34]\]. Indeed, Pogan et al. \[[@CR34]\] showed that, unlike the GII.17 virus, the GI.1 virus may not be stable at high pH (over pH 8) using virus-like particles; however, this study did not examine the infectivity. We speculate that the stabilities of the virus particles between GI and GII viruses reflect the infectivity of these viruses to humans.

The phylogenetic tree of GII.4 created here showed that almost all detected strains were of the Sydney 2012 type, although these strains formed many small clusters in the tree (Fig. [3](#Fig3){ref-type="fig"}c). Previous reports have suggested that GII.4 suddenly emerged and caused pandemics of gastroenteritis in the 2006/2007 season (Den Haag 2006b type) and that some GII.4 variants such as Osaka 2007, Apeldoorn 2007, New Orleans 2009, and Sydney 2012 were subsequently generated \[[@CR4], [@CR35]--[@CR37]\]. Among these, Sydney 2012 type caused as many pandemics of gastroenteritis as Den Haag 2006b type \[[@CR4], [@CR35]\]. The results suggested that the GII.4 Sydney variant was also associated with gastroenteritis outbreaks at childcare and educational facilities, in cases of food poisoning, and at elderly nursing homes. This finding is compatible with the previous reports \[[@CR36], [@CR38]\], which suggested that GII.4 was the most dominant type during the 2006--2014 seasons, whereas a small number of GII.2 were detected in this period \[[@CR20], [@CR39], [@CR40]\]. However, GII.2 was the most prevalent type in the 2016/2017 season in various countries, including Germany, France, USA, China, and Japan \[[@CR16], [@CR17], [@CR25], [@CR26]\]. In Ibaraki Prefecture, GII.2 was also detected from many outbreaks in the 2016/2017 season associated with childcare and educational facility. In the phylogenetic tree created here, distinct clusters were formed by the GII.2 strains detected in the 2016/2017 season and those from other seasons \[[@CR20], [@CR40]\]. It is suggested that the GII.2 strains detected in the 2016/2017 season were recombinant, which is compatible with the findings from very recent studies \[[@CR16]\]. Although we did not examine the polymerase type of the present GII.2 strains, such recombination may have been associated with the prevalence of GII.2 in Ibaraki Prefecture. Next, GII.17 was detected from the 2013/2014 season onwards, which was associated with many food poisoning outbreaks in Ibaraki (Table [3](#Tab3){ref-type="table"}). Moreover, the periods of greatest prevalence differed between GII.17 and other genotypes such as GII.2, GII.4, and GII.6 (Fig. [1](#Fig1){ref-type="fig"}). The reason for this is not understood, but this finding is also compatible with previous reports \[[@CR41], [@CR42]\].

Next, we examined the viral loads among infections with viruses of various genotypes including GII.2, GII.4, GII.6, and GII.17. The results showed that the viral loads of GII.2 were higher than for the other genotypes and the age of patients infected with HuNoV GII.6 was lower than for the other genotypes. Previous reports suggested that the HuNoV viral loads in feces are associated with the age and immunity status of the hosts, although the reasons for this are not known \[[@CR43], [@CR44]\]. Although there are few previous reports describing the viral load of HuNoV, the propagation rate of GII.2 may not be higher than that of other genotypes \[[@CR45], [@CR46]\]. A possible reason for this is that we did not examine the differences in propagation among the genotypes and did not take into account the number of days since the patient had developed symptoms in this study. Moreover, the methods used in this study possibly cannot be used to analyze samples containing low numbers of the NoV genomes (approximately \> 10 copies/experiment). However, if samples contain large numbers of genomes of different NoV genogroups, we may be able to analyze genotypes of plural NoV genogroup in each sample. In this study, we could analyze plural NoV genogroups in 23 samples of 19 cases. Currently, Next Generation Sequencing is expensive; therefore, in this study, we used conventional methods to analyze the samples as previously described \[[@CR47]\]. Thus, further studies may be needed to clarify the epidemiology of HuNoV.

Conclusions {#Sec8}
===========

We showed in this study that many HuNoV genotypes, including GII.2, GII.4, GII.6, and GII.17, were associated with various types of outbreak sites (at childcare and educational facilities, in cases of food poisoning, and at elderly nursing homes) in this study. These genotypes emerged in recent years, and they exhibited distinct patterns of prevalence. Moreover, differences in the outbreak sites and viral load of patients were identified among the genotypes. To better understand the molecular epidemiology of HuNoV infection, ongoing molecular epidemiological studies may be needed.

Methods {#Sec9}
=======

Sample collection {#Sec10}
-----------------

Fecal specimens and patient information were collected for the following two types of outbreak cases among the surveillance system in Ibaraki Prefecture in Japan: (1) group cases that suspected outbreaks of human-to-human infectious disease and (2) group cases that suspected outbreaks of foodborne infectious disease. Public health centers collected information and specimens from the patients in both cases. In this study, we targeted population outbreak patients; therefore, whether the patients were administered to hospitals remains unknown. Patients without data on sex and age were omitted, and a total of 4588 specimens were collected by surveillance in the six seasons from September 2012 to August 2018 (Table [1](#Tab1){ref-type="table"}).

Epidemiological data analyses {#Sec11}
-----------------------------

For each genotype, we compared and considered the epidemiological data of specimens positive for HuNoV GII (season, age group, viral load, and site of infection). Infection cases were classified into the following four groups regarding the site of infection as well as the age of the patients: (1) kindergarten, nursery school, and primary school (childcare and educational facilities: C), (2) suspected food poisoning (F), (3) elderly nursing homes (E), and (4) others (O).

In this study, food poisoning was defined as the outbreaks of the gastroenteritis due to foods served for commercial purposes from the food provision facility.

Detecting norovirus GII, sequencing, and genotyping {#Sec12}
---------------------------------------------------

Fecal specimens were adjusted to 10 wt% with phosphate-buffered saline and centrifuged at 10,000×*g* for 10 min at 4 °C. The nucleic acids were extracted from the supernatant using QIAamp Viral RNA Mini Kit (Qiagen). Subsequently, complementary DNA (cDNA) was prepared by reverse transcription using PrimeScript™ RT Reagent Kit (Perfect Real Time) (Takara Bio). It was then used for quantitative polymerase chain reaction (q-PCR), which was performed using the TaqMan probe PCR system as described previously \[[@CR48]\].

All RNA for which HuNoV GI and GII were determined to be positive by q-PCR was amplified using the PrimeScript™ II High Fidelity One Step RT-PCR Kit (Takara Bio) with G1SKF/G1SKR and G2SKF/G2SKR primers, respectively \[[@CR47]\]. The nucleic acid sequence of the PCR product was determined by direct sequencing using the BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific). The resulting sequence was genotyped using the Norovirus Genotyping Tool \[[@CR49]\]. If the genotypes were the same among samples collected in the same case, one sequence was selected, and a dataset of the gene sequence was prepared.

Calculation of pairwise distance {#Sec13}
--------------------------------

We analyzed pairwise distances to assess the genetic distances between human GII strains detected in Ibaraki Prefecture. Among the viral genes, 100% matched strains were omitted and pairwise distance values were calculated using MEGA 6 \[[@CR50]\].

Phylogenetic tree analysis {#Sec14}
--------------------------

The obtained gene sequence was compiled for each genotype, and a dataset was obtained by adding standard strains. We revealed the nucleotide substitution model with KAKUSAN 4 \[[@CR51]\] and performed a phylogenetic tree analysis using the maximum likelihood method with MEGA 6 \[[@CR50]\]. The strains detected in this study are indicated as a black circle. When 100% homologous sequence strains were detected in the same season, only one strain was retained and indicated in bold; the other sequence(s) was omitted from the dataset. The sites regarding the outbreaks and their number are described at the end of the strain name. In addition, cases involving childcare and educational facilities (C) are colored blue, those involving cases of food poisoning (F) are colored red, those at elderly nursing homes (E) are colored orange, and others (O) are colored green.

Statistical analysis {#Sec15}
--------------------

Statistical analysis was performed using EZR software \[[@CR52]\]. After conducting the Kruskal--Wallis test as a statistical analysis on the age and viral load distribution of patients in each genotype, Holm's multiple comparison test was performed.

HuNoV

:   human norovirus

GI

:   genogroup I

GII

:   genogroup II

PCR

:   polymerase chain reaction

cDNA

:   complementary DNA

q-PCR

:   real-time polymerase chain reaction

ML

:   maximum likelihood
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